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The entrepreneurial method as a way to solve the problems
of processing wood waste in a circular economy
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Millions of tons of agricultural, agro-industrial waste and forestry waste are generated annually as by-products of
the forest industry. Due to ineffective utilization and increase in the amount of waste from agroforestry, the environment,
including soil and water, is negatively affected. These wood residues, husks, shells, stumps and dry trees are considered
as agroforestry waste due to their low market value; however, they can be used as a source of energy. In the case tthey are
of no use, these materials are destroyed by burning in the open air, which leads not only to a waste of potential energy, but
also Lo problems with emissions into the atmosphere. All this requires alternative management strategies. Reducing the
amount of forest and wood waste can be achieved either by reducing the size of wood processing waste or by introducing an
entrepreneurial method as a new algorithm for better use of wood waste. The entrepreneurial method fits into the economy
of a closed cycle, effectively using waste resources to solve commercial and social problems, namely, for the public through
opportunities for employment, sales of waste-based products, and reduction of waste incineration or disposal.

The purpose of the study is to review international studies of the Australian forestry sector, which illustrate how, based
on the application of the entrepreneurial method, it is possible to profitably use wood waste as raw materials or resources
for the production of new products. To achieve this goal, a review-analytical method was used. When considering the en-
trepreneurial method, two examples have been analyzed in the work, in which it is shown that the entrepreneurial method
depends on the suitability and accessibility of the entrepreneur’s environment to ensure a successful and sustainable result,
and also illustrated the similarities, differences and alternative approaches to waste management. Re-use of post-production
or recycled materials is a modern trend applied in many industries, for example, in the production of chipboards, car tires
and plastics. Current work includes a compilation of case studies from the Australian forestry sector on successful efforts
to convert wood waste into other products.

Keywords: waste disposal, agricultural waste, forestry waste, agroforestry, circular economy, entrepreneurial method.
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Musmonbsl TOHH CeTbCKOX03ANCTBEHHBIX, aNPOITPOMBIIIIEHHBIX OTXO/I0B 1 OTXO/I0B JIECHOTO X034 CTBA e3KerojiHo 00-
pasyoTes B KauecTBe HOOOUHBIX IIPOJLYKTOB JIECHOT ITpoMbiTiieHHOCTH. VI3-3a HeapdeRTUBHOI yTHIN3aIny 1 yBeTnYeH st
KOJIITYeCTBA OTXOJIOB arpoiecOMeNIMopaIinm cpejia 00uTanms, BRI0YAOIIas B ceOst OUBY, BOJHBIE 00'bEKTHI, MOJIBEPraeTcs
HeraTuBHOMY BoajleiicTBuI0. [IpeBectble ocTaTKu, meayXa, CKOPJIyHa, MHI U CyXHe JIepeBbs CYUTAIOTCA OTXO[aMI arpo-
JIECOMEJIMOPAIIII 13-32 X HUBKOII TOBAPHOI CTOMMOCTH; OJ[HAKO OHU MOTYT ObITh NCIIOIH30BAHBI B KAYECTBE UCTOUYHUKA
sHeprun. B cirydae HeMCIOMb30BAHMS AT MATePHAIBI YHIUTORKAIOTCS ITYTEM CRUTAHUS HA OTKPBITOM BO3/IyX€, 4TO PUBOUT
He TOJILKO K ITYCTOI TpaTe MOTeHINAAbHOIl DHePTun, HO 1 K 11pobjieMaM, cBA3aHHBIM ¢ BbiOpocamn B atmocdepy. Beé aro
Tpebyer ajibrepHAaTUBHBIX cTparernii yipasaerus. CokpaleHne KoJn4ecTBa JECHbIX 1 JIPEBECHBIX OTXOJIOB MOKET ObITh
JOCTUTHYTO NI 32 CYET YMEHBIIEH NS padMepa OTX0/[0B TepepaboTKI APeBECIHBI NI BHEIPEH NS TP PUHITMATeTbCKOTO
MeTOj1a KaK HOBOTO &JITOPUTMA JIYUIIIero NCII0Ib30BaH A OTX0/0B JipeBecutbl. [Ipepnpnanmarenbckuii Metoyt BiincbiBaercs
B DKOHOMURY 3aMKHYTOTO INKJIA, 9PPEKTUBHO MCITOTB3YsT PecypChl OTXO/0B JIJIsI pellieH st KOMMEPUYeCKNX I COTNATbHbBIX
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po0bJieM, a UMEHHO, JIjIs ODIecTBa 38 CUET BOBMOYKHOCTEI TPY0YCTPOIICTBA, MPOJIasKI TIPOJYKTOB HA OCHOBE OTXOJI0B 1
COKpALleHUs CRUTAHUA WU 3aX0OPOHEeHUA 0TXO0/0B.

B crarhe npepictaBien 0630p MesKIyHAPOHBIX HCCTETOBAHNIT JIECHOTO CEKTOPA ABCTPAINT, KOTOPBIE WILTIOCTPUPYIOT,
KaK Ha OCHOBe IIPUMeHeH U [IPeiIlPHHUMATETbCKOTO METO/1a MOKHO BBITOJIHO UCIT0JIb30BATh JIpeBeCHbIe OTXO0/Ibl B KauecTBe
ChIPbSI WK PECYPCOB JIJIsI IIPOU3BOJICTBA HOBBIX IIPOJYKTOB. [l/Isi OCTHIREH NS TTOCTABIEHHOI 11eJ111 TPUMEHSIICS 0030PHO-
aHaINTHYecKNit MeTof. ABropamn paboThl OBIIN TPOAHATN3NPOBAHBI TPU TIPUMepa, B KOTOPBIX MTOKA3aHO KaK MpeJpi-
HUMATeJAbCKUIT METOJl 3ABUCUT OT COOTBETCTBYS 1 JIOCTYITHOCTI CPEibl IIPeAIIPUHIMATEsI i1 oOeciiedeHusi YCIeTHOTo 1
YCTOMYIBOTO Pe3y/Ibrara, a TakKe HPOUIITICTPUPOBAHBI CXOJICTBA, PABIUYNS U JIbTePHATHBHbIE TIOJIXO/[bl K 00palieHnio
¢ orxofamiu. [loBropHoe 1crnonb3oBanme MOCTHPONBBOJCTBEHHBIX MM TIepepadoTaHHBIX MATePUAIOB — 3TO COBPeMeHHas
TeHJIeHIMs, IPUMeHsAeMas BO MHOTMX OTPAcJsAX IIPOMBIIITIEHHOCTH, HAIIpUMep, IPK IPOU3BOJICTBE IPeBECHOCTPYKEeUHbIX
ILJTUT, ABTOMOOMJIBHBIX ITIH 1 [1acTnka. B paMkax npoBojiMoii B Hacrositiee BpeMsi paboThl obeciiednBaercst 06001eHne
JAHHBIX 0 TEMATHYECKNX NCCAEIOBAHMAX JJECHOTO CeKTOpa ABCTPAJINH, KACAIONNXCS YCITeITHBIX MePOTIPUATHIT 10 Tiepe-

leO(I)I/IJI NPOBAHUIO JIpeBECHBIX OTXO/0B JIJId IIPON3BOJICTBA [IPYTIUX ITPOAYKTOB.

HKarwwuesote crosa: yrunmsanmnsa OoTXo[g0B, CeILCKOXO03SIICTBeHHbBIC OTXO/[bI, arPOIMTPOMBITIINIEHHBIE OTXOIbI, OTXOJIbI
JIECHOT'O X034 l';lC’l‘Ba, arpoJsiecomesnopanmnAa, SKOHOMUKA 3aMKHYTOTO IUKJIa, IIpedlpuHuMaTes1 bCKII MeTo/l1.

The term “Agroforestry” is defined as a
land use system in which crops are grown and
cultivated along with trees [1]. At the same
time, traditional agroforestry lags somewhat
behind integrated farming technology, since
agricultural crops grow faster than trees, and
the resulting waste is defined as agroforestry
waste [2—4]. Waste generated can be divided
into agricultural waste (peanut shells, rice straw,
cane litter, corn leaves, etc.), agro-industrial
waste (residue from the processing of rice hulls,
peanut shells, coffee husks, etc.) and forestry
waste (remaining stumps and foliage after wood
extraction) [5]. Due to inefficient disposal, agro-
forestry waste is currently becoming a serious
environmental problem worldwide. Due to their
increasing amount, the environment, includ-
ing soil, water bodies, is negatively affected,
which subsequently leads to soil infertility and
eutrophication of water [6]. Traditional wasle
disposal methods include thermal treatment,
the creation of municipal solid waste landfills,
however, this waste disposal is accompanied
by adverse consequences, such as emissions of
CO,, CO,C H ,SO_, NO_, unpleasant odors and
groundwater pollution [7-9]. As the amount of
waste increases, the cost of disposal eventually
increases as well, highlighting the undoubted
importance of entrepreneurial methods of con-
verting waste into useful products.

New global policy initiatives promoting the
development of the circular economy provide an
opportunity to reduce and reuse industrial waste.
The timber industry complex is becoming more
and more effective in organizing and solving
these problems.

In the Russian Federation, in particular, in
the Kirov Region, 63% of the territory is covered
with forests, and the total timber reserve is more
than 1,1 billion m?. In terms of timber harvest-
ing, the region occupies a leading position in the

Volga Federal District and is one of the largest
producers in the European part of Russia. Nev-
ertheless, the region enterprises process wood
waste inefficiently, entrepreneurship being
poorly developed within the framework of the
circular economy. In this paper, we analyze case
studies from the Australian timber industry to
illustrate how Australian businesses use leftover
woodworking to scale up entreprenecurial initia-
tive. We have found that the potential social and
economic benefits extend far beyond the main-
land where this entrepreneurial activity takes
place. Innovation often spurs other innovations,
which leads to a virtuous cycle in the emerging
circular economy of regional Australia. Thus, for
the efficient use of wood waste, it is necessary, in
ouropinion, that the timber industry of the Kirov
Region follow the example of the Australian ag-
riculture which uses entrepreneurial initiative in
solving the problems of further waste processing.

The purpose of the study is to review inter-
national studies of the Australian forestry sector
that illustrate how wood waste is actively and
profitably used to manufacture new products. An
entrepreneurial approach based on the effective
assessment of commercial and social problems
fits well into the circular economy of the for-
estry sector in Australia, rationally using waste
resources to create additional opportunities for
society through employment, the sale of products
based on recycled waste and the reduction of
incineration or landfilling of this waste.

The paper examines in detail the use of the
entrepreneurial method of the above-mentioned
country to explore the possibilities of enter-
prises, which range from sustainable sources
of resources to consumption and investments
focused on environmental conservation and
social development. This method allows you to
keep the value of things, materials and resources
in the economy for as long as possible.
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Objects and methods of research

To achieve this goal, a survey-analytical
method has been used. Keywords in the biblio-
graphic databases of scientific citation Web of
Science Core Collection (Clarivate Analytics)
have been used to select information for the
study. The search for information sources took
place in the search engines Yandex and Google.
The review of the entrepreneurial method and
approaches toits use includes sources published
from 2001 to the present. The search for infor-
mation has been carried out in international,
interdisciplinary, scienltific, peer-reviewed open
access journals on environmental and economic
issues using the keywords: waste management,
agricultural waste, agro-industrial waste, for-
estry waste, agroforestry, circular economy,
entrepreneurial method.

Research results

While wood waste recycling is beneficial to
forestry firms, on the bases of the sources ana-
lyzed, we believe that the social and economic
benefits go well beyond the region in which this
activity takes place.

The authors of [10] have developed a tech-
nology and innovation roadmap that is used to
support strategic and long-term planning in
identifying opportunities to reduce the impact
of forest waste on the environment and public
health in Australia.

The search for the relationship between
the entrepreneur and the environment lies in
the adoption of an entrepreneurial perspective,
in which environmental pollution, which is a
global problem, can be seen as an opportunity
for further development [11].

Reuse of post-manufactured or recycled
materials is a modern trend applied in many
industries, for example, in the production of par-
ticle boards [12], car tires [13] and plastics [14].
The roadmap [10] takes a detailed look at the
challenges facing the Australian paper industry
and sels oul the necessary conditions to reduce,
recycle and repurpose paper waste to creale new
products and new markets in Australia’s emerg-
ing circular economy. The goals of the circular
economy require entrepreneurship to develop
and exploit new market opportunities [11].

External factors arising from forest manage-
ment, including the impact of climate change,
waste disposal, the landfill problems, water and
food safety, are forcing forestry enterprises to
reconsider their attitude to the natural and so-

cial environment. 3M Company (is an American
multinational conglomerate operating in the
fields of industry, worker safety, U.S. health
care, and consumer goods) has recognized that
commercial waste streams consist mainly of
unused manufacturing resources, and pollution
levels from manufacturing indicate inefficient
processes [14]. As a legal remedy, 3M Com-
pany has developed a set of effective methods
for waste disposal “Pollution, Prevention, Pay”
[15]. Unfortunately, not all waste can be elimi-
nated, which further leads to the search for new
technologies and business models for the prof-
itable repurposing of commercial waste, which
currently form a circular economy [16], i. e. a
production and consumption model that includes
sharing, renting, reusing, repairing, upgrading
and recycling existing materials and products
for as long as possible.

The authors of [17] note that the circular
economy is a process that includes the reduc-
tion, repurposing, recovery and recycling of
waste. Earlier studies in the field of circular
economy gave focused on the forest industry
and the production of wood products [18, 19],
for example, on the application of new technolo-
gies, such as the process of processing forest and
wood waste into a bio-product, which is then
processed into fuel and chemicals. However, at
present, enterprises participating in the circular
economy must, first of all, think about how they
will process a huge amount of waste into com-
mercially viable products for already existing or
new markets [20, 21].

Reducing the amount of forest and wood
waste can be achieved by reducing the size of
wood considered as waste in production pro-
cesses, reducing the size of wood processing
waste [22] or introducing new algorithms for
better use of wood cutting lines [23].

The entrepreneurial approach [24—26] as a
tool for the circular economy is a method based
on the effective assessment of the implementa-
tion of commercial and social problems, includ-
ing the problems of waste and climate change
as potential commercial opportunities. The
implementation of entrepreneurial opportuni-
ties consists of the following processes [26, 27]:
1) recognizing one’s and organization’s potential
strength and resources; 2) use of unforeseen
circumstances and accidents as a source of op-
portunities; 3) pooling partners’ resources to
achieve the goal. The entrepreneurial approach
fits into a circular economy by leveraging waste
resources Lo solve commercial and social prob-
lems, namely for sociely through employment
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opportunities, selling waste-based products,
and reducing waste incineration or landfilling.

As discussed above, the review of interna-
tional studies includes the Australian forest
industry as an illustrative example of how the
forest industry uses the residues from wood
waste collection to develop a sustainable entre-
preneurial initiative [28]. Achieving this goal
requires the Australian forestry sector to follow
the example of Australian agriculture and to
fully embrace entrepreneurship as a necessary
capability for its survival (e. g. [29]).

The entrepreneurial method creates eco-
nomic opportunities for sustainable manage-
ment of environmental, social and economic
development [30]. In their research, the authors
of [31] show how forest entrepreneurship initia-
tives arise to solve the problems faced by forestry
enterprises, namely, the forest industry acts
in an entrepreneurial way, creating and using
resources for the development of sustainable
production. In order to have the right combina-
tion of skills to successfully manage a forest
industry enterprise, it is necessary to develop en-
trepreneurial competencies in the education and
training programs for future forest managers
[32—34], increase their entrepreneurial potential
to recognize, evaluate and, ultimately, use the
attractive opportunities created by Australia’s
emerging closed economy.

Entrepreneurship in the forestry of the re-
gion under consideration is primarily focused
on the conservation of the environment, as well
as on the search for prospective opportunities
Lo create future products and services for profit,
where profit is broadly understood as economic
and non-economic benefits for the economy and
society as a whole [35]. This may include setting
waste prices [36, 37] to better manage waste
and comply with pricing requirements [38] to
incentivize recycling organizations to behave
appropriately or to find alternative ways to re-
duce waste. As the value of wastle increases, more
firms are innovating to capture the beneficial
opportunities of waste management. Recogniz-
ing strategic entrepreneurship as a way to seize
opportunities and solve problems can help to
further develop the forest industry and make
it more sustainable. Strategic entrepreneur-
ship supports initiatives that bring together
or integrate behaviors and resources that drive
innovation [39].

In reviewing the entrepreneurial approach,
the paper has analyzed three case studies
that present how the entrepreneurial ap-
proach depends on the suitability and acces-

sibility of the entrepreneurial environment
to ensure a successful and sustainable out-
come, as well as illustrating similarities, dif-
ferences and alternative approaches to waste
management. Let’s consider the factors of
realizing the opportunities of each analyzed
enterprise of the forest industry in Australia:
1) resources and use of forest waste biomass;
2) the weight of wood residues of logging en-
terprises.

Resources and use of forest waste biomass

Converting forest waste biomass into sus-
tainable bioenergy is one of the innovative ap-
proaches to help minimize climate change and
provide an additional source of energy. Australia
has developed a 20% impact targets for renew-
able energy in gross energy consumption by
2030. Using forest waste biomass for sustain-
able bioenergy production is one way to achieve
these renewable energy targets [40, 41]. Forest
biomass can be obtained from conventional
wood products, standing timber, logging waste,
as well as materials and waste from industrial
wood processing [42]. Due to the low energy
density and long transport distance from remote
forest resources, forest biomass is usually used
locally. There are currently several programs in
the country to combine wood waste with exist-
ing coal resources in New South Wales (NSW)
and several pelleting plants, such as the one in
Albany [43].

It should be noted that the main sources of
forest biomass in Australia are wood residues
from logging enterprises, special plantations
for energy production, and wood residues from
sawmills [44]. According to Australian Biomass
for Bioenergy Assessment (ABBA) Project, the
estimated weight of wood residues from logging
enterprises is about 2.1 million tons of dry bio-
mass per year [40—47].

Weight of wood residues of logging
enterprises

The weight of wood residues depends on
various parameters such as the harvesting
system used, equipment, product type, forestry
regime, appearance, site, age and quality of the
stand. Scientists have conducted research on
various aspects of the mass of wood residues:
the quantity and quality of produced wood chips
[48], species (including hardwoods and conifers)
[49, 50], moisture content [51, 52], type of ma-
chine and its working units [93—95], the drive
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mechanism of shredders, including machines
of small and large power [56, 57], the wear of
knife blades [58, 59] and the size of the sieves
used in grinding operations [60—-63]. Proper col-
lection of wood residues can reduce fire risk by
removing fuel from the forest floor, minimizing
the risk of beetle attack, and preparing the site
for tree planting [64, 65]. From an ecological
point of view, properly harvested tree residues
can improve soil structure [66], help resist soil
compaction, provide a buffer against erosion, and
improve water filtration [67].

A 31-year-old radiata pine (Pinus radiata)
plantation near Mount Gambier was chosen
as the first target for international study. It
has been clear cut with the help of combine
harvesters and forwarders. Hancock Victorian
Plantations (HVP) sawmills used innovative
technologies such as the Bruks mobile shredder
to collect wood residue and chips while leaving
enough wood residue on site to maintain soil
fertility. The produced wood chips were then
transported to the mill at Mount Gambier as
raw material [68, 69]. This biomass supply
chain created jobs at every stage of production,
since a large amount of equipment was used (for
example, the Bruks mobile crusher). The main
factors thatinfluenced Hancock Victorian Plan-
tations (HVP) to initiate this project were the
following: a) reducing the weight of wood waste
to improve the efficiency of the site preparation
and planting; b) creating additional income
from wood resources; ¢) testing new biomass
production technology in active partnership with
forestry companies; d) reducing the risk of fire.
The second international study selected was a
plantation of radiata pine (Tumuta, New South
Wales). The age of this plantation is 34 years
[70]. The trees were cut down and processed
by a mechanical harvester. The wood chips ob-
tained from waste disposal were of high quality
and were sent to a pulp and paper mill in New
South Wales [71]. Assuming that more than
300,000 tons of wood waste will be collected in
the region, this innovative biomass recovery
has created an opportunity to create about 20
additional jobs. The main factors that have in-
fluenced forestry enterprise Forest Corp NSW to
test forest biomass harvesting are the following:
a) reducing the weight of wood waste to improve
the efficiency of the site preparation and plant-
ing; b) creating additional income at the expense
of its resources; ¢) reducing the risk of fires as-
sociated with wood resources; d) innovation in
integrating biomass recovery with traditional
wood waste collection operations.

The third international study is devoted to
the integrated collection of biomass on a planta-
tion of radiata pine, located in the southwest of
Western Australia. This plantation is 32 years
old. The area was cleared with a combine and for-
warder where the trees were felled and processed
into lumber and pulpwood using innovative
technology. A comprehensive biomass case study
provided an opportunity to create 15 additional
jobs. The Washington State Forest Products
Commission (FPC) in Western Australia tested
wood residues and noted the following factors:
a) greal success in the use of integrated harvest-
ing of woody biomass; b) reduction of wood waste
to improve the efficiency of site preparation and
planting; c¢) creating additional income at the
expense of its resources; d) reducing the risk of
fires associated with wood resources.

Thus, the presented examples illustrate po-
tential ways for further development of forestry.
It should be noted that various combinations of
entrepreneurial activity and the environment
lead to successful approaches and strategies for
the problems of wood waste processing [70]. [tis
very important to find the right balance between
the business environment and its capabilities to
solve these problems.

Conclusion

A review of published sources on the prob-
lems of processing wood waste indicates that
there is significant experience in forming a
scientific base that allows to develope a general
methodology and a set of specific measures aimed
at protecting the environment. The experience
of Australian forestry illustrates potential ways
for further development of forestry, in particular
for the forest sector of the Kirov Region, namely,
the use of business in the field of wood waste
processing as a necessary side of its development.

It should be noted that various combinations
of business activities and the environment lead
to successful approaches and strategies for wood
waste problems [70]. In this regard, it becomes
possible to create positive cyclesin the economy
and the ecosystem, which, thanks to the protec-
tion of the environment, are necessary for the
development of a sustainable economic system.

The examples analyzed in this article show
that there are various organizational goals of
sustainable development in forestry, which in-
clude profit and social sphere, which leads to ef-
fective joint efforts to ensure economic (costs and
profit), social (employment, safety and working
conditions) and environmental (impact on waste
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and long-term effects) balance. Thus, a clearly
articulated overall goal helps to pool resources
through innovative entrepreneurial strategies to
address the challenges of wood waste recycling.
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